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EXPERIMENTS IN DEVELOPING GREEN FLARE FORMULAS

ABSTRACT

The Chemical Iaboratory Branch was given the task of developing

lgproved colored flares, which would burn longer than the formule
currently in use.

Bighty green flare producing formulas were mixed and tested for
burning time and quality of flame. Bwmning temperatures measured
on twelve formulas containing barium indicate that an energr level
associated with a temperature ranging from approximately 1100°C to
1355°C is required to produce a green color, with the more intense
colors being produced at approximately 1300°C. Below the above

minimum temperature the flames were yellow, above the maximum the
colors approached white light.

The most promising formulas developed consisted of an efficient

three component system containing boronm, barium nitrate and poly=
vinyl chloride.
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Introduction

Most of the green flare formulas consist of systems containing 5 to 7
ingredients and are comparatively short burners, The task was undertalken
to develop more efficient colored flares with longer burning times. It
was hoped to incorporate color into the long burning phosphorus composition,

I. Procedure and Test Results

The formulas were mixed in the laboratory under the hood in approximatel:
ten gram batches. Nine and eight tenths grams of the flare compositions vere
loosely poured into asteel tubes 3/4" x 4", stoppered at one end with corks.
The igrition composition consieted of .5 gram of 6-6-8 starter mix poured on
‘top of the flare composition. The ignition was secured by means of lighting
an 8 inch piece of fire cracker fuse stuck in the starter mix, The burning
time was taken with a stop watch and the color evaluation was based on visual
inspoction. The formulas were rated as poor, fair, good and very good.

Il. Dighty flare formulas were mixed and tested with the results as listed
below:

Formula No. 1 Pts. BeTe Degree of Green Color

Magnesium 1.8 548 Grod
ED-(NO3)2 5.8
llexnchlorbenzene 1,2
Cu o5
Fuxlon o3
Gilsonite 2

Formula No. @
Magnosium 1.8 10,2 Very Good
Barium Nitrate 5¢83 11,6 Very Cood
Cu ) 10,2 Very Good
Parlon 1. S 11, 6 Very Good
Gilsonite 2

Forrula No.:l
agnesium 9 15 Poor, Yellow flame with

tinge of green
Barium Nitrate 5.8

Copper Dust 5
Parlon 1.9
Shellac )
Gllsonite 2
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Formula No. 4

Magnesium
Barium Nitrate
Copper Dust
Parion
Gilsonite

Formula Noe« 5§

Magnesium
Barium Nitrote
Copper Dust
Parlon
Gllscnite

Formule No. 6

Magnesium
Barium Nitrate
Copper

Parlon

Formula No. 7

Magnesium
Barium Nitrate

Copper
Parlon

Formula No. 8

Magnesium
Barium Nitrate

Copper
Parlon

Formula Noe 9

Magnesium
Barium Nitrate
Copper

Parlon
Gilsonite

Formula No. 10

Magnesium
Barium Nitrate
Copper

Parlon

1.0
548
1.3
1.5

o2

n

B

16

15

8.3

9.3

10.2
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ngyee of Green Color

Good

Good

Very Good

Very Good

Good

Good

Yellow tinged with Qreen



Foiumula No. 11

Magnesium
Barium Nitrate
Copper

Parlon

Hexachlorbenzene

Formula No, 12

lMagnesiun
Barium Nitrate
Copper

Parlon

Mercuric Chloride

Formula No. 13

Magnesium
Berium Nitrate

Parlon
Gilsconite

Formula No. 14

Wood Flour
Barium Nitrate
Parlon
Gilsconite
Copper

Formula No. 15

Wocd Flour
Barium Nitrate
Parlon
Gllsonite

Formula No. 16

Magnesium
Barium Nitrate

Parlon
Gilsonite

Formula No. 17

Magnesiun
Wood Flour
Barium Nitrate
Parlon
Gilsonite

1.5

B.T.

14,9

Te5

49.3

105

12.8
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Degree of Green (Color

Fair

Poor

Very Good

Yellow tinged with Green

Yellow

Poox

Yellow tinged with Green



Formula No. 18

Magnesgium

Barium Nitrate
Polyvinyl Chloride

Cilsoni.te

Formuls o. 19

Charcoal

Barium Nitrate

Parlon
Gilsonite
Copper

Formula No. 20

Charccal

Barium Nitrate

Parlion
Gilsonite
Magnesium

Formula No. 21

Charcoal

Barium Nitrate

Parlon
Magnesium

Formula No. 22

Magnesium

Barium Nitrate
Polyvinyl Chloride

Gilsonite

Formule No. 23

Magnesium 30/50
Barium Nitrate

Polyvinyl Chloride

Gilsonite

Formula No. 24
Magnesium

Barium Nitrate

Pta.

1.8
548

2.0
o2

1.8
548
15
o2
5

1.8
548
1.5

5.8

Polyvinyl Chloride 2.6

Gilsonite

el

T2.6

iy b

35.8

17.2
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Degree of Green Color

Good

Very good, substituted
Mege.Cran 15 for £0/120 Mag.
Very good

Yellow with a slight €I »
of green

Yellow tinged with CGreen

Yellow tinged with QGreen

Yellow with a Green tinge

Fair
Good

Good
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Formula No. 25

Pts. BeTe Degree of Green Color
Magnesium 1.5 18,2 Good

Barium Nitrate 5.8
Polyvinyl Chloride 2.3
Gilsonite 2

Formula No. 26

Magnesium 1.8 08 Very Cood
Bariun Nitrate 5.8
llexachlorethane 240
Glleonite o2
Pormuls No. 27
Magnesium 1.5 13 Very Good
Barium Nitrate 548
llexachlorethane 2¢3
Gilsonite 2
Formula No. 28
Magnesium 1.8 17.2 Very Good
Barium Nitrate 58 12.2 Very Good
Polyvinyl Chloride 2,2
Formula Noe 29
Magnesium 1.8 12,8 Very good = more brilliunt
than Noe. 20
Barium Nitruto 568
Parlon 2.2
Pormula No. 3_9_
Magnesium 1.0 12,2 Very good but not as good

as Nos 28 or 29
Barium Nitrate 5.8
Ilexachlorethane 22

Formulo No. 31

Magnesium 13 18.2 Yellow tinted with Green
Barium Nitrate 5.8
Polyvinyl Chloride 2.7

Formula No. 32
Magnesium 1.3
Dariuvm Nitrate 540
Parlon 247

9¢5 Very good



Formula No. 33

Magnesium .
Barium Nitrate

Polyvinyl Chloride
Formula No. 3k

Magnegium
Barium Nitrate

Polyvinyl Chloride :

Formula No. 35

Magnesium

Darium Nitrate

Polyvinyl Chloride

Formuln No. 36

Magnesium

Dariwn Nitrate
exachlorbenzeno

Formala No. 37

Magnoesium
Barium Nitratoe
Polyvinyl Chloride

Yormula No. 38

Chuarcoal

Daxrdiwn Nitrate
Polyvinyl Chloride
Magnesium

Formula Noe 39

Charcoal

Barium Nitrate
P’olyvinyl Chloride
Magnesium

1.0

Hel
Lef
o)

1.0

BT

10.5

1645

a2

11

13¢5
1.0

hé
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Degree of Green Color

Cood

Good

Yellow with Green color
about last 10 cece uB
heat bullt up

White Lipght tinged with
Greons Tuba wac rod hove

oo
Pad

Yellow with a fulnt tingn
of' Grocti.

Yellow tinged with Geeon,
with Creen being wore
intense a8 energy level
incrcased.



Formula No. 40

Pts.
Charcoal 5
Barium Nitrate 5.8
Polyvinyl Chloride 2.0
Magnesgium 1.5

Formula No. 41

Magnesiun 1.0
Dextrine £
Darium Nitrate 5.8
Polyvinyl Chloride 2.2

Formula No. 42

Magnesium 1.8
Darium Nitrate 58
Copper «5)4 ptm.
Parlon L7

BeTe
2L,z

12

L8

Stafoem plastic formulation 6.6 pts.

Formula NOe yi

Magnesium &

243)
Barium Nitrate 5.8;& pts.
Parlon L7
Stafoom 6.6 pta.

I'ormulo. Noe Lh

Mugnesiun 1.6

Durium Nitrate 3e3

Potassiun 243
Paxrchlorate

Neofat (steardc o7
acid)

Polyvinyl Chloride 1.7

Formula Nos 45

Magneslumn 1.8
Boerlum Nitrate he8
Polyvinyl Chloride 3.2

Dud

65
10«5

16.8

1348

ae
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Degree .90 Green Color
Fair

Poor

Burned with a Yellow flame
for approximately 35 seconds
then with a good Green for
10 seconds

The compoultion foamed out
of tube, was pushed down
and an attempt wmade to
imtﬁc

Used 80/120 Magnosium
Poor

Used magnesiwm type IIX
gramulation 15

CGoud

Used masnesium type IIX
gronuwlation 1%

Good

Very Good « used magnesium
type III granulation 16

Yellow tinged with Green



Formula Noe. U6

Ptse
Magnesium 1.0
Gilsonite 1.0

Barium Nitrate 5.8
Polyvinyl Chloride 2.0

Formula NO&“Y

Magnesium 2.0

Barium Nitrate 548
Polyvinyl Chloride 2.0

Formula No. 48

Magnesiunm 108

Darium Nitrate 53
Polyvinyl Chloride 2.7

Formula No. 49

Magnesiun 1.0

0ilsonite 1.0
‘Barium Nitrate 5.8
llexachlorethane 2.0

Formule No. 70

lagnesium Le5
Gllsonite )
Barium Nitrate 5.8
Polyvinyl Chloride 2.0

Formula No« 51

Magnesium le5
Glilsonite o3
Barius Nitrate 5.8
Polyvinyl Chloride 2.2

Pormula Nos 52

Magnesium 1.8
Barium Nitraete 548
Polyvinyl Chloride 2.2
Laminac

10 pts.

S pts.

9.2

18,8

16.0

2246

17.2

1542
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Degree of Green Color
Yellow changing to Green
a8 energy level mounted.

Very Good « used magnesium
type 11l gramulation 15

White light with tinge c*
Green

White light

Good
Good

Tt



Formala No. 93

Magnesium

Barium ‘iirate
Mercurie Chloride
Polyvinyl Chloride

Formula No. 54

Magresium
Burlum litrate
Polyvinyl Chloride

Formula No. 55

(agnes lum
Bar.um illtrate
Polyvinyl Chloride

Formula No. 56

Sulfur

Barium 'Ltrate
Polyvinyl Chloride

Formula Noo 57

Sulfur

Mag walum

Barium Hitrate
Polyvionyl Chloride

Formula Noe. 58

Charcosl

Barlum Nitrate
Polyvinyl Chloride
Magnesiun

Formuls, No. 59

Charcoal

Barium viirate
Polyvinyl Chloride
Magnesium

Formula No. 60

Magiesium
Barium 'itrate
Mercuric Chloride

1.8

5.8
2.2

11

10.2

13k

39

b3

L6.6

842
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Degrze of Green Color

Good

Very Good

Very Good

Black smoke of heavy
volume

Yallow with tilnge of Creen

Yellow, last 3 sec. (reen

Yellow, last 3 scce Creen

Yellow Flare

Very Good



Formula 61

Charcoal
Barium Nitrate
Jlexechlorethane
Magnesium

Formwla Mo. 62

Charcoal
Barium Nitrate
Hexachlorethane
Magnesium

Formuls No. 63

Magnesiun
Barium Nitrate

Polyvinyl Chloride
Formula No. 64

Charcoal

Barium Nitrate
Polyvinyl Chloride
Magnesium

Formule No. 65

Magnresiun
Barium Nitrate
Polyvinyl Chloride

Formulae No. 65

Magnesium
Barium Nitrate
Polyvinyl Chloride

Formula No. 67

Charcoal

Barium Nitrate
Tellurium Oxide
Polyvinyl Chloride
Magnesium

Formula No, 68

Bariun Nitrate
Hexachlorbenzene

1.00
T.00
1.30
65

1.00
7.00
150

1.0
Ts0
1.3
65

o 75
T.00

179

15
6.50
2.25

« 9
T+00
)
9
65

27.8

10.0

18

18.8

35.6

10
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Degree of Green Color

Fair

Yellow with flashes of 3: ¢

Very Good

Yellow with tinges of Green

Very Good

Yellow with tinge of Creen

Yellowish-white light

Dud




Formula No. 69

Barium Nitrate
Hexachlorbenzene

Formula No. 70

Barium Nitrate
Polyvinyl Chloride

Formula No. TL

Magnesium

Boron
Barium Nitrate
Polyvinyl Ciloride

Formula No. 72

Boron
Barium Nitrate
Polyvinyl Chloride

Magnesium
Formula Nos 73

Magnesium

Boron

Barium Nitrate
Polyvinyl Chloride

Formula No. T4

Boron

Barium Nitrate
Polyvinyl Chloride
Magnesium

Formuls lo. 75

Boron
Bariwa Nitrate
Polyvinyl Chloride

Formula No. 76

Boron
Barium Nitrate
Polyvinyl Chloride

Pts.
]

2.0

1.2

6
548
2.2

7.40

o9
65

«50
25
T+00
175

1.0
Te3
Le0
o7

75
Te 0

175

1.0
645
2.0

27

a5
15.6
14,8

22.8

26.2

1k.2

70.0
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Degree of Green Color
Dud

Fair

Very Good
Very Good
Very Good

Very Good

Fair

Very Good

Fair

Ysllow Flame

T
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Formula No. T7

Pts. B.T, Degree of (reen Color
Boron . ' 15« Very Good
Barium Nitrate 7.4%0
Polyvinyl Chloride 95
Formula No. 8
Borxon 1.50 17.8 Very Good
Berium Nitrate Te30
Polyvinyl Chloride 1.00
Magnesium 20
Formula No. T9
Boron 1,00 40,0 Good
Barium Nitrate - T450
Polyvinyl Chloride 1.00
Formula No. 80
- Boron 1450 29¢ bt Good, at times
Barium Nitrate Te50 Very Good

Polyvinyl Chloride 1,00

III. By means of ‘the optical pyrometer the burning ltemperqtures were taken on
the following formulas using 9.8 gmae of composition loosely poured in 3/4" x
4" gtecl tubes:

Burning Time Burning Temperature
Formula Noe Groen Colox (Seconds ) Sgentigrudo

T-Lnge 1808 )5
282 Very Good 10.6 1310
56 Very Cood 10.2 1310
18 Very Good 9 1290
595 Very Good 1l 1290
13 Vary Cood No 'ime 1285
208 Very Good 15 1285
36 Good No Time 1262
Ly Voery Good 13,8 12ke
36 Faiy 10.8 1oke
54 tood 2045 1240
18 Very Good 13 1240
W7 Good 9.2 1235
Us Good 16.8 1222
1y Fai 17.8 1160
39 Yel.lov 12 1160
L6 Tinge 22 1145
20 Goad 13.2 1120
39 Yellow 28 10O45
39 Poor b1.6 990

12
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IV. In an attempt to incorporate a green color into a long burning phosphorus
formula the following experiments were performed:

No. 1 = A standard % inch phosphorus pellet was placed in s steel tube 6
inches by 1 1/2 inches. A mixture of barium nitrate 5.8 parts - polyvinyl
chloride L.5 parts was poured around the pellet and the pellet ignited. The
characteristic color of the phospborus flame resulted.

No. 2 = A long burning phosphorus formuls A-55 was mixed.

485 %
Phosphorus 56
Mangenese Dioxide 33
Magnesium 3
Caleium Silicide 5
Paraffin 01l 3

Five parts of formuls 28 &nd 5 parts of formula A-85 were intimately mixed and
tested for burning characteristics. A white light was obtained.

Nos 3 = Barium nitrate and polyvinyl choride were mixed in the following
proportions,

Barium Nitrate 5.8 parts
Polyvinyl Chloride l.5 parts

thip formula and formula A«85 were mixed in equal proportions. This mixture
amitted & white light when tested.

The Darium Nitrate = Polyvinyl Chioride mixture 2 1/2 parts and formula A-85
7 1/2 purts vore mixed and testods A white light resulted.

Two parts of the Polyvinyl Chloride « Barium Nitrate composition and 8 parts
of the formulu A-85 were mixed und tested. A white light resulted.

Noe 4 « The following formulas were mixed and tested.

Paxts Burning Time Color
rhosphorus . 13 sec, Brilliant
Manguncoe Dioxdde 9 White Light
Barium Nitrate 3.7
Magnooium 1.2
Polyvinyl Chloride N |
Coppox U
Manganese Dioxide 9 214 sec. White Light
Barium Swfate 3¢7 s
Magnesium l.2
Polyvinyl Chloride 6 :
Copper o F
Phosphorus 3l ¢
?
13 v
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Noe 5 = The following formulas were mixed and tested with A-85.

Parts
Barium Stearate 5.8 )
Pomnyl Chloride 2.2 ) 2e5 Dud
A=85 Te5
Barium Stearate 5.8 )
Polyvinyl Chloride 2.2 ) 1l Dud
A=85 9
Barium Sulfate 5 )
Polyvinyl Chloride 5 )5S Dud
A~85 5
Barium Oxalate 2.5 )
Polyvinyl Chloride 2.5 ) 2 Dud
A-85 8
Barium Carbonate 1.5 )
Polyvinyl Chloride 1.5 ) 1 Dud
A-85 9

DISCUSSION

Parlon, hexachlorethane snd plyvinyl chloride tested in the same forwulas

lios 13, 18 and 26 respectively demonstrate that of the three organic chlorides,
parlon possesses the highest energy content and polyvinyl chloride the lowest.
0f the three compounds polyvinyl chloride will produce the longest burning
formula. It was noted that parlon produced the most intense gréen color.

Tha three camponent system of magnesium, barium nitrate and polyvinyl chloride
seems to show promise for use in green flares of medium burning time. Formulas
No. 27, 28 and 65 seem to be the best. The boron, barium nitrate, polyvinyl
chloride formulas with, or without magnesium, show promise for longer burners.
The boron formulas produced green colors of a greuter intensity than those proe-
duced wigh other fuels. Formulas which show particular promise are 72, T3, T,
7T end 76,

The three and four system flares using barium nitrate as an oxident show much

promise in producing good green colors, eliminating the use of perchlorates and
of various chemical modifiers.

14
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The temperature readings obtained with the optical pyrometer indicate that an
energy level associated with a temperature ranging from approximately 1100°C

to 1355°C is required to produce a green colored flare, with the more intense
green colors being produced at approximately 1300°C, Below 1200°C the colors

tend to become yellow, at & temperature of 1355°C the colors approach white
light.

The phosphorus formulag produced no green colors probably due to the face that
the energy level was too high.

Some formulas are listed below which were a by-product of the attempt to sec..
a green flare and which may be of value in other programs.

Formula No. Burniug Time Characteristic

15 105 sec. Yellow flame of low
energy

19 T2.6 sec. Yellow tinged with G

38 75.0 Yellow tinged with Gr.cp

76 70,0 Yellow flame

56 62 Black Smoke of heavy
volume

List of Chemicals Used:

Fuels

Magnesium - 80/120 #x
Type III, Gran. 15 RDA 76
Type I1I, Grane. 16 RDA 170

Copper Dust IDA 18

Gilsonite, Asphaltum JANeA=356

Wood Flour *

Charcoal RDA 22

Dextrine RDA 149

Sulfur JAN=S=487 Grade D

Boron RDA « 51

Phosphorus JAlN=P=-211 Class B *

Calcium Silicide JAN-C=324 *

Oxidants
Barium Nitrate RDA 57
Potassium Perchlorate RDA U3
Tellurium Oxide RDA 213
Manganese Dioxide RDA U6
Barium Sulfate RDA 148

Chorinatin?Compounds
Parlon sieved through Noe. 30 UsSe Standard Sieve #
Hexschlorbenzene RDA 98
Mercuric Chloride RDA 153
Polyvinyl Chioride RDA 31
llexachlorethane JAN=H«235 #

15
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Binders and Inhibiters

Stafoam Plastics
Barium Stearate RDA 4
Stearic Acid (Neofat) *
Barium Oxslate, Fisher Reagent Cat. #A220
laminac 4110
Barium Carbonate RDA 56
Paraffin OLl, Fisher ;/0-119
#  Procured from Ordnance
¥* This magnesium was used by Ordnance in the phosphorus formulas and was w - '
in ell the flare formulas unless otherwise noted.

RECOMMEIIDATIONS

Many of the green flare formulas, notably those containing Boron an a fuel, m~™

be of value in future flare programs and should be given further tests for
efficicney of performunce,

Souwe of the yellow flares nay also be of valua as well as the black smoke i
taining sulfur, walthough sulfur in the presence of un oxidizer may present
proble s of safoty.

At thu time those exporiments wore accomplished, there were no means available
for meuwsuring color values Visual determinations of color values uro of'ton
misleading. It io vocommonded that wny future test oxperiments of this nature
should bLe accomplished with the oluocticnic color and light motor whicli would
record the trus color und its intenpity.

16
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